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4.1 Preliminary Design Review
 
4.1.1 a) Subsystem Design and Development Approaches
 
A two tube air collector subsystem has been under test since May 1976. The
 
performance data derived is shown in Figure 1. The effective collector
 
area used in the performance evaluation was the length of the exposed
 
collector area times four (4)inches to reflect the spacing of tubes to
 
be used in an actual array. The backing screen used was actually twelve
 
(12) inches wide so more reflected light reached the experimental array

than will be the case in actual practice. The upper line represents
 
the average hourly efficiency of the collector based on daily operating

data. The divider oetween the inlet and outlet ducts was insulated with
 
two (2)one eighth (1/8) inch thick fiber board strips on each side of
 
an aluminum divider element. The second from the top line represents
 
the average hourly efficiency of the collector with the two insulating
 
members removed and using only the aluminum divider element between the
 
inlet and outlet ducts, The tnird from the top line represents a derating
 
of the experimental data to account for a four (4)inch spacing between
 
collector tube elements and using only the metal divider strip. The
 
fourth or bottom line indicates the level of performance submitted as
 
the baseline for an air collector array. The single point, denoted by a
 
circle, represents the data from one day of testing using a black back­
ground and thus no light enhancement from nackground reflections.
 
The collector array fabricated for the ERDA demonstration contract has
 
,been fabricated in twelve (12) foot sections of manifolding with 72
 
collector tube elements per manifold. The manifold's inner and outer
 
skins were fabricated using hand lay-up of fiber glass following small
 
boat building techniques. Itwas anticipated that the process could be
 
implimented for volume production using automotive practices to form the
 
fiber glass skins. This procedure has been reduced to practice by Owens-

Illinois in forming the shells for the stagnant air/liquid collector.
 
These shells cannot be used for the air collector because of flow passage
 
cross section limitations. The cost of tooling is very high to fabricate
 




The prototype manifold system has been modified as the result of the
 
experience gained during the fabrication of the manifolds for the ERDA
 
demonstration project. The design objective, in addition to performance
 
and cost considerations, is to provide a configuration of manifold that
 
can be produced from commercially available components in a small,
 
modestly tooled shoo or small business concern. A review of the drawings
 
will reflect this objective. .The air interfaces utilize thin gage
 
aluminum sheeting. The insulation material consists of Babcock &
 
Wilcox KAOWOOL ceramic blanket or equivalent between the inlet and outlet
 
air ducting. The outlet air ducting is contained within the inlet air
 ducting to minimize the surface area exposed to ambient conditions. A
degree of insulation (of the same magnitude as 
that used in the experi­
mental system) is provided between the two ducts toward the attainment of
 
the thermal performance level indicated by the top curve in Figure 1.

The insulation of the outer duct will be Owens Corning glass fiber blanket
 
or equivalent at 1.5 inches thickness at the bottom and sides, and 2.0
 
inches thickness at the top. Itis anticipated that this arrangement





The manifold ducting sizes were chosen to cause the pressure drop due to

air flow in the manifold to be small compared to the air flow pressure
drop in the tubes. Figure 2 indicates test points of pressure drop vs.
 
air flow rate per tube pair inSCFM. In the ERDA demonstration unit,

two tubes are operated inseries flow with all tube pairs operated in
parallel. The feeder tube diameter was a nominal 1 inch, with a 1/32 inch

wall thickness aluminum tubing. Inthe prototype system for the subject

contract, the feeder tube will be standard KG-33 glass tubing of a 
nominal
diameter of 25 mm and wall thickness of 1.2 mm. The use of glass for
 
the feeder tubing will reduce cost and increase thermal performance to
 
a minor degree. Further, the prototype design has been modified to

allow all tubes to operate in parallel. This will reduce the pressure
drop due to air flow in the collector. The nominal air flow is of the

order of 2 SCFM per tube resulting in a temperature rise of the order of
 
50'F in the heat transfei fluid under good sun conditions. The thermal
performance data presented in Figure 1 is for such a 
typical temperature

rise in the experimental collector.
 
The development approach includes a continuation of the two (2)tube
 
experimental testing and the testing of the 144 tube collector array under
 
a wide range of controlled inlet temperature and air flow conditions.
 
Attached is the Task 1 report outlining the design criteria and the
Test Matrix and Procedures planned to be performed under the ERDA contract.
 
The prototype system of the subject contract uses a somewhat modified

manifold design and the tubes are operated all inparallel. The basic
performance of the air/liquid system will be demonstrated using the air
 
collector installed under the ERDA demonstration contract and the addition

of ancillary equipment under the subject contract. The prototype design

will be built for first article review and the degree of performance

testing needed to verify the system will be conducted. Verification
 
that the prototype manifold design meets the requirements of the Interim
 
Performance Criteria will be by analysis and similarity.
 
,b)The schedule for the completion of the installation drawings will be

established at the time of the Preliminary Design Review.
 
c)	Detailed design and experimental test data will be available for the







d) 	The schedule for the Prototype Design Review needed to support the
 
delivery schedule will be confirmed during the Preliminary Design Review.
 








g)	The basic drawings of the subsystem are attached hereto. Additional
 
detailed drawings and material specifications will be available for the
 
Preliminary Design Review. The updated System Performance Specification
 
has been submitted to MSFC.
 
h)	The Design Standards and Symbology to be used under the subject contract
 
is available at contractor's site as Engineering Standards Manual dated
 
December 1972 (Type 4 data).
 
4.1.2 Documentation to be available at the review
 
a) Drawings and Subsystem Performance Specification
 
1. Assembly control drawing SK-3550, two (2)sheets, dated 12/8/76
 




2. The Subsystem Performance Specification is attached as Appendix 2.
 
b)	The design standards and symbology to be used for the subject contract
 
are contained in the "Corporate New Product Development Engineering
 
Standards Manual" December 1972.
 
c) The Type 1, 2 and 3 documentation status is as follows:
 
1. Development Plan. The development plan is as contained in Section
 
1-2 of the subject contract. At the request of MSFC, the Preliminary
 
Design Review has been scheduled for January 5, 1977 rather than
 




2. Verification Plan. A draft of Sections 1 and 2 of the verification
 
plan was submitted to the Technical Manager of MSFC on November 17,
 
1976. The complete plan is in preparation for review at the scheduled
 
January 5, 1977 meeting. The plan has been delayed awaiting approval

by MSFC of the proposed approach to the Independent Agency selection.
 




4. The Subsystem Performance Specification was forwarded to MSFC on
 
December 9, 1976 to the attention of C. P. McMurray.
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5. The Source Corntrol Drawings and Specifications will be provided with
 
the acceptance data package.
 
6. No change proposals have been initiated.
 
7. The Preliminary Design Review Data are submitted herein.
 








10. 	 The Quarterly Report is not due.
 
11. 	 The first Monthly Status Report was submitted on December 15, 1976.
 
12. 	 The Acceptance Data Package is not due.
 
13. 	 The Qualification and Acceptance test procedures are in draft as a
 
part of the Verification Plan.
 
14. 	 The Qualification Test and/or Analysis Report will be prepared in
 
accordance with the Verification Plan.
 
15. 	 It is anticipated that no Special Handling, Installation and Main­
tenance Tools will be required.
 




17. 	 The Installation, Operation and Maintenance Manuals are behind schedule
 
and will not be available for the Preliminary Design Review. Preliminary
 
drafts will be prepared for discussion at that time.
 
118. A preliminary subsystem hazard analysis is attached.
 
19. 	 The Design Data Brochure is not due.
 




20 X 20 To THE INCH. I X III INCHM 46 1242KEUFFEL& ERCO MADO-Usk I_-) - - I I 6RIOINAL iIX T'S' 













q 1 1rI- I1,-4 T -, j T,-
E -. 1 l4t 1,14 ji-, Ii17, 1T. - . ., I . I -
_.L T ril F.
.7 H: W.Fal 
,l I-,- TilL , ; ! *T 
it 1_7 




-17 ll, 1 1, l. k I I 
1, F :Tr' 
7)l 1eA 
ort media houC I I I , 'i e3 ec )r1tra 'a e n let t 
--T_a1mbi ent '7 H1 Iraverag tenpe'rat. re' (0 
t anspo t' ied a- UU1 III, av t2r.ape Io *r 41 r, 
.. .. 
IItf-1rFn_ 56r 1-157"'F 
L 
7a real OTJ Colt Iep ft 
U' y aga- a!] $b*1,a isOlatjon-in:th ::coll 





















"L I i n 





















































FIGURE I EFFICIENCY AS A FUNCTION OF OPERATING CONDITIONS
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The air collector element presents no extreme condition or potential hazard sources.
 
The operating air pressures are in the order of inches of water gage and under no
 
foreseeable operating condition could explosive pressures be reached. The evacuated
 
tubular glass components have been tested under liquid and gas pressures and with­
stand internal pressures of greater than 300 psig. The glass components have been
 
tested by allowing the absorber surfaces to reach stagnation temperatures in excess
 
of 6000F and then initiating flow. No evidence of thermal shock cohditions exist.
 
Under normal flow conditions, the heat transfer coefficient for the film isof the
 
order of 2 to 3 BTU/hr. ft.2 'F,compared to the glass heat transfer coefficient of
 
approximately 90 BTU/hr. ft.2 'F for the thickness of glass material used. With
 
such factors, thermal shock of the absorber tube cannot be induced.
 
The glass components have been broken by rock and pellets. An implosion type
 
failure isexperienced and all the glass fragments remain contiguous to the array.
 
No flying glass has been experienced.
 
During installation of the collector elements into the manifold, gross mishandling
 
would be required to cause glass breakage. The force levels necessary to insert
 
the glass components islow. A lubricant such as glycerin, oil, vaseline, etc.,
 
-isrecommended principally to inhibit any tendency of the seals to become unseated
 
where the stack-up of tolerances could produce a somewhat tight fit.
 
The manifold materials are aluminum and KAOWOOL. The latter is rated at 1100°F
 
and represents no fire hazard. Using air as the heat transfer fluid eliminates
 
any hazard due to spillage, leakage, fire, etc. Negative pressures of any
 
significance cannot be induced in the manifold, eliminating any such problem.
 
One residual hazard exists that can be identified. If the collector tube sub­
assembly is removed under stagnation or hot operating conditions, the feeder tube
 
will be hot to the touch. A warning will be contained in the operating, installa­
tion and maintenance manuals to be sure to allow time for the feeder tube to cool
 
down after removal of the collector tube assembly or to wear protective gloves.
 
A tube failure at the point of insertion into the manifold could allow leakage of
 
high temperature air. However, one would have to be in very close proximity to the
 
point of leakage to be in danger from the high temperature air. The danger exists
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1.0 	 This performance specification establishes the requirements for the
 
design and performance of the air/liquid collector subsystem for use
 
with solar combined heating and cooling systems. It designates the
 
Interim Performance Criteria applicable to this collector subsystem.
 
Appendix A contains preliminary performance and installation specifica­
tions for the air/liquid collector subsystem.
 
2.0 	 The document applicable to this performance specification is the
 
Interim Performance Criteria for Commercial Solar Heating and
 
Combined HeatinQ/Cooling Systems and Facilities, Document No. 98M40001,
 
Revision Basic, data February 28, 1975. George C. Marshall Space Flight
 
Center, National Aeronautics and Space Administration.
 
3.0 	 All of the applicable Interim Performance Criteria for Commercial
 
Subsystems as outlined in Table II so indicated are applicable after
 
completion of the development and testing of the air/liquid
 
collector subsystem as outlined in the Statement of Work.
 
4.0 	 No deviations from the Interim Performance Criteria are proposed.
 




6.0 	 No specific requirements have been directed by the Contracting Officer.
 
7.0 	 Preliminary performance and installation specifications for the air/
 
liquid cbllector subsystem are attached as Appendix A.
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Spec, No. SIIC-3060 
Revision 
Date 10/1/76 
SUBSYSTEM PERFORMANCE SPECIFICATION 
OWENS-ILLLNOIS 
8.0 Warranty Contractor warrants for a period of five years that the
 
solar collector material will be free of defects in quality and
 
workmanship. Warranty is limited to shipping replacement parts
 
prepaid which in the contractor's opinion are required to correct
 
such defects. No field labor is included, and in no event shall
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The Owens-Illinois Solar Collector Model No. (to be assigned) will collect
 
C­
a minimum of 900 Btu/ft.2 day of energy at an inlet fluid temperature equal to
 
or less than 160F and an air flow rate equal to or greater than 2 SCFM/ft.
2
 
under the following conditions:
 




Wind Velocity: 0-5000 ft./min.
 
Date: March 21, September 21
 
Noon Solar Flux Normal to Collector Surface: 305 Btu/ft.2 hr.
 
Longitude: Any; Latitude: Any
 
The Solar Collector will collect a minimum of 800 Btu/ft.2 day of energy
 
at an inlet fluid temperature equal to or less than 220°F and an air flow rate
 
equal to or greater than 2 SCFM/ft.2 under the following conditions:
 




Wind Velocity: 0-5000 ft./min.
 
Date: March 21, September 21
 
Noon Solar Flux Normal to Collector Surface: 305 Btu/ft.2 hr.
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12tvision I 
Section 4 Date December 9, 1976 
Installation Drawing Sheets 
Preliminary installation drawings for the air/liquid collector subsystem
 
are contained inOwens-Illinois Drawing SK-3550 (2sheets) dated December
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1 SK-3577 e, Sleeve - Inlet 3003 - H14Alum .025 thick 
I SK-3578 Base - Tower 3003 - H14 Alum .025 thick 
1L SK-3579 A Insulation - Base Glass Fiber Blanket 3/m. ft. 
11 SK-35R Liner - Base 3003 - 1114Alm .016 thick 
6 SK-3581 8 x 1/4 10. Pan Hd. Tyke "A" . Aluminum 
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22 Collectr Assetly 
6I SK-2359 A Bracket - Mounting 6063 - T52 Alum Extruded 
I SK-2360 A Pin - Mounting Support 6262 - T9Alum 
12 1 SK-2361 A Retainer Rubber Neoprene 65 Ourometer A 





BCI Cli Rail - Locator -Welded Center Assembly ... .-.... 
6063-TS2 Alum Extruded 
S I 2; SK-3613 B Rail - Outboard 6063-T52 Alum Extruded 






- 3 - -36-7-
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SK-2329 D Support - Outboard Lower Molded S.M.C " 
12 _I SK,20 t 1]4--29. ex Nut Stainless Steel 
16 SK-3621 A Spacer 6262-T9 Alum 
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I, SK-3628 Duct Assembly - H1 Temperature 
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I SK-3536 Cover - Collector 3003 - 16 Alum .025 thick 
2 SK-3637 Seal - uter Cover End Rubber. Neoprene 70 Durometer "A" 
I I SK-33 Seal - Cuter Cover_ Middle RUbber, Neoprene 70 Durometer "A" 
48 SK-3639 A Feeder Tube Assembly - --
I :48 SK-3640 A I Feeder Tube KG-33 Glass Tubing 
48 S-E4 , Mounting Ring - Fede Tube - -Sil.icone Rubber - Molded 
:48 SK-3642 Support -Feeder Tube Type 302 Stainless Steel SrngIemmper . -
- Continued on Sheet 4 ­
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48 SK-2356 A Vacuum Extension iG-33 Glass
 
48 SK-2333 B Tube Can "ABS* Plastic
 
48 SK-3645 8 Spring and Getter Assembly Type 302 St. Steel Spring Teper
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SECTION 5 
- PRELIMINARY DESIGN DRAWINGS 
These drawings are released with the written permission of Owens-Illinois 
Reference 
0.1. Letter # Z59-67 
Dated March Z9, 1978 
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